to become fusion competent, and rapid fusion of vesicles in response to calcium influx. Synaptic vesicle targeting to active zones is believed to require the actin cytoskeleton, but the exact mechanisms are poorly understood. One 
Vertebrate protein families have been grouped roughly according to their proposed function in the synaptic vesicle cycle and listed alphabetically. Vertebrate protein sequences were found by searching GenBank, and the number of known members of each vertebrate protein family is listed. Drosophila homologs were identified using a tblastn search of all vertebrate protein sequences against the finished, unfinished, and nonannotated Drosophila genomic sequence databases. Genes were considered homologs if the blast score was less than e Ϫ15 and aligned over Ͼ30% of the vertebrate protein sequence. In some cases, two genomic sequences for a single gene were identified due to a gap in the genomic sequence, in which case the blast scores for both genomic sequences are listed. When known Drosophila genes were previously identified, the Drosophila name is in bold, and the percent identity/similarity was determined using the Smith-Waterman algorithm (http:// www.timelogic.com/). Genes with a published mutant phenotype in Drosophila are underlined. The cytological location was determined by comparing Celera genomic sequence with sequence from BAC and P1 clones, which have been mapped by the BDGP (FlyBase Consortium, 1999). In some cases, multiple homologs were identified, and only the cytology for the most homologous gene is listed. "no cyto" refers to rare cases in which the Celera genomic sequence did not align with BAC or P1 sequence. P element insertions in genes were found using a blastn search of the P element STS database with Drosophila genomic sequence within 1 kb of the ends of the presumptive 5Ј and 3Ј ends of each Drosophila gene. Brackets denote the total number of P elements found in each gene, and lethal P element lines are in bold. Table 1 ). Out of 144 fly genes, we found tein complex or dynamin, including amphiphysin, synaptojanin, eps15, and epsin, but their precise function is 84 (60%) novel homologs. We surmise that we have identified almost all homologous Drosophila genes, as unclear.
We have attempted to identify all Drosophila homoour search of the Celera genomic database alone allowed us to identify 59 out of 60 previously characterized logs of vertebrate proteins implicated in neurotransmitter release to initiate systematic genetic analyses. We fly homologs. Only a single gene was not identified in the Celera database search, even though it was present suggests that a large number of homologous vertebrate genes remain to be identified. Nevertheless, the fact in the database, because a small gap in the genomic sequence led to a blast score just below our cutoff for that most genes are present in a single copy in Drosophila will make the phenotypes of genetic lesions much the two pieces. This finding further suggests that the 1300 gaps reported in the Celera genomic sequence easier to interpret. While most Drosophila gene families have only one cannot be extensive (Adams et al., 2000) . In addition, the homologs of vertebrate genes that were not identified in or two members, some have many more. We have found only two SNAP-25 and two VAMP homologs, but there the Celera database were also not present in the C. elegans genome (C. elegans Sequencing Consortium, are five syntaxin and seven synaptotagmins in Drosophila. Furthermore, we have identified at least 26 Rab fam-1998). Based on these and other data, we estimate that we have identified more than 95% of the Drosophila ily members and 10 ARFs in Drosophila, which is not surprising considering more than 35 Rab members and homologs implicated in synaptic vesicle biology.
Since the entire protein sequence is available for all 6 ARFs involved in different stages of vesicle trafficking have been identified in vertebrates (Chavrier and Goud, previously characterized fly homologs (40% of the genes), we calculated the average similarity and identity 1999). When our blast searches identified multiple potential homologs, a blastx search was performed on for these proteins. Known Drosophila homologs are on average 74% Ϯ 13% (SD) similar and 60% Ϯ 16% (SD) each homologous genomic sequence to exclude those homologs that were more similar to other well-characidentical to their vertebrate counterparts over their full length. The fully sequenced fly genes encode proteins terized vertebrate proteins. In several cases, a surprisingly large number of homologs remained. For example, that align over 74% of their length with the vertebrate homologs, while the new homologs line up over 70% of we found at least eight SV2-like organic cation transporters, five synaptojanin-like inositol polyphosphate the length of the vertebrate protein sequence. Hence, the proteins implicated in the biology of synaptic vesicle 5-phosphatases, five members of the frequenin/neurocalcin family, and five calcineurin family members. Such exo-and endocytosis are highly conserved over most of their length. This is in sharp contrast to orthologous a large number of related genes suggests that these gene families either play multiple roles in vesicular trafproteins involved in developmental pathways. Many of these proteins are transcription factors and secreted ficking and synaptic transmission or that they are also involved in other processes. proteins, and their similarity and identity is often confined to relatively short functional domains, many of One of the primary goals of the postgenomic era will be to assign a function to newly discovered genes, priwhich correspond to DNA or protein interaction domains. The data therefore suggest that many synaptic marily by analyzing the effects of the loss of each gene. The first step in identifying mutations in Drosophila is vesicle cycle proteins interact with several other proteins implicated in synaptic vesicle exo-and endocytoto map the gene cytologically to identify rearrangements in or near the gene of interest. Since many BAC and sis, causing strong evolutionary constraints (Mochida, 2000). In addition, it is interesting to note that while P1 clones have been mapped as part of the Berkeley Drosophila Genome Project (BDGP), the majority of the central players in exo-and endocytosis are well conserved, putative regulators exhibit more variation.
genes can be assigned a cytological position (FlyBase Consortium, 1999). Analysis of these cytological posiAlthough almost all protein families searched are present in Drosophila, as stated previously, some protions suggests that although most genes listed in Table  1 are randomly distributed, some are clustered. For extein families are absent. No homologs were found for DOC2, syncollin, synaptophysin, and syntaphilin. Simiample, the cytological interval 22F-23B contains four putative synaptic vesicle cycle genes within a 160 kb larly, we did not identify homologs of these proteins in the C. elegans genome either (C. elegans Sequencing region: dynamin-2, SYT1, snapin, and HRS. Similar clusters are present at 47A-B (three genes), 60B (three Consortium, 1998). This suggests that these proteins are not essential for neurotransmitter release in Drosophila genes), 94B (three genes), 95E-F (five genes), and 101F-102F (seven genes) (Table 1) . Furthermore, SV2-related and C. elegans, but rather that they evolved relatively recently and likely play an accessory regulatory function. genes (organic cation transporters) and frequenin genes appear to be duplicated in some areas of the genome. This nonessential role is further supported by loss-offunction studies of synaptophysin (McMahon et al.,
The cytological interval 95F-96A contains three organic transporters within 15 kb, and two other regions each 1996) and DOC2 (Sakaguchi et al., 1999) in mice, in which removal of either protein shows no or very mild have two genes within 30 kb. This clustering may facilitate their genetic analysis, as small deletions may rephenotypes. Although complexins were not found in our initial tblastn search because they are such small move many interesting genes, allowing a single saturation mutagenesis to identify mutations in numerous proteins, a more sensitive search of the genome identified a putative homolog that is ‫%05ف‬ identical. genes implicated in synaptic vesicle trafficking. One of the most powerful tools used to create mutaWhile nearly all vertebrate gene families are present in Drosophila, they are typically represented by fewer tions in Drosophila is the P element transposon. These transposable elements can be mobilized in the genome gene members. For example, well-characterized genes such as the SNARE proteins have on average three verand preferentially insert into the 5Ј end of genes (Bellen, 1999). Thanks to a large-scale effort headed by BDGP tebrate homologs for every Drosophila gene. When taken as a whole, on the other hand, there is on average and P element screens carried out in the US and Europe, about 25% of all essential fly genes have now been a 1:1 relationship between the number of known vertebrate genes and Drosophila homologs. Given the size associated with a homozygous lethal P element insertion (Spradling et al., 1999) . One of the advantages of and complexity of vertebrate genomes, this strongly
